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A b s t r a c t . -W e p r e s e n t r e s u l t s of c a l c u l a t i o n s of t h e l o c a l i s a t i o n l e n g t h and c o n d u c t i v i t y of 2 d i m e n s i o n a l systems d e s c r i b e d by t h e Anderson Hamiltonian.
A r e c e n t l y developed method f o r c a l c u l a t i n g p r o p e r t i e s o f v e r y l o n g 1 D systems i s g e n e r a l i s e d f o r l o n g s t r i p s o f v a r y i n g t h i c k n e s s . W e o b s e r v e s c a l i n g b e h a v i o u r w i t h t h e t h i c k n e s s b u t n o evidence o f an Anderson t r a ns i t i o n i n 2D.
I n t y o d u c t i o n , -There h a s been a c o n s i d e r a b l e upsurge o f i n t e r e s t i n t h e problem of l o c a l i s a t i o n i n d i s o r d e r e d systems. T h i s h a s been due t o new experiments on pseudo o n e , and two d i m e n s i o n a l systems 11--51, and t o t h e development o f new methods of c a l c u l a t i o n , b o t h n u m e r i c a l C6
-81 and a n a l y t i c a l [9-121. There i s some confusion i n t h e r e s u l t s o f t h e t h e o r e t i c a l i n v e s t i g a t i o n s . I n t h e a n a l y t i c a l work, where d=2 i s found t o be t h e lower c r i t i c a l dimension f o r t h e Anderson t r a n s i t i o n , s p e c i a l models o r approximations a r e chosen, whose consequences a r e n o t e a s i l y c o n t r o l l e d . I n t h e n u m e r i c a l work t h e system s i z e s a r e p o s s i b l y t o o s m a l l t o g i v e c o n c l u s i v e r e s u l t s about t h e t r a n s i t i o n between l o c a l i s e d and extended s t a t e s C131. For i n s t a n c e , a l t h o u g h t h e r e was a n a l y t i c a l e v i d e n c e t h a t f o r d = l a l l s t a t e s a r e l o c a l i s e d f o r any nonzero d i s o r d e r [14,151 and t h a t t h e d.c. c o n d u c t i v i t y i s z e r o C161, i t proved d i f f i c u l t t o demonstrate t h i s n u m e r i c a l l y C171. Q n l y t h e development o f a new n u m e r i c a l method whose s t o r a g e r e q u i r e m e n t i s independent of t h e system s i z e made t h e t r e a t m e n t o f m a c r o s c o p i c a l l y l a r g e systems ( l o 9 s i t e s ) poss i b l e and l i f t e d t h e c o n t r a d i c t i o n between a n a l y t i c a l t h e o r y and n u m e r i c a l c a l c u l at i o n C181.
I n t h i s p a p e r we s h a l l g e n e r a l i s e t h i s method t o h i g h e r d i m e n s i o n a l s y s t e m s , and p r e s e n t r e s u l t s f o r d-2 f o r b o t h t h e l o c a l i s a t i o n l e n g t h and t h e c o n d u c t i v i t y .
Method. -The i d e a o f o u r method i s t o c a l c u l a t e a p h y s i c a l q u a n t i t y f o r a system w i t h N atoms, s a y A(N), from t h e same q u a n t i t y f c r N -1 atoms, i . e .
For example, t h e m a t r i x element o f t h e Green's f u n c t i o n ( r e s o l v e n t ) , between t h e s t a t e s l o c a t e d a t t h e e n d s of a c h a i n > f N atoms d e s c r i b e d by t h e Anderson Ham i l t o n i a n w i t h d i s o r d e r e d d i a g o n a l e l e m e n t s ~( i ) , <1/ G(N) \ N > , i s given by where Z i s t h e (complex) e n e r g y , V t h e ( n e a r e s t n e i g h b o u r ) o f f -d i a g o n a l element of t h e Hamiltonian, and <NIG(N)IN> t h e d i a g o n a l element o f t h e G r e e n ' s f u n c t i o n on t h e Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981410 ~t h s i t e . The l o c a l i s a t i o n length X may then be defined a s
The same p r i n c i p l e can be a p p l i e d t o t h e conductivity a s given by t h e KuboGreenwood formula C181. The advantage of t h i s r e c u r s i v e method l i e s not only i n t h e n e g l i g i b l e computer s t o r a g e needed, but a l s o i n t h e f a c t t h a t t h e s t a t i s t i c a l accuracy of t h e r e s u l t a f t e r N s t e p s may be c a l c u l a t e d and used a s a c r i t e r i o n f o r t e r --minating t h e procedure [13,181.
Thus, we have a method which contains no o t h e r r e s t r i c t i o n on t h e s i z e of t h e system than t h e computer time a v a i l a b l e , and which allows u s t o go on i n c r e a s i n g t h e s i z e of t h e system u n t i l a given accuracy o f t h e r e s u l t i s reached. This allows f o r much more r e l i a b l e e x t r a p o l a t i o n s than have been p o s s i b l e h i t h e r t o . A simple g e n e r a l i s a t i o n of t h e above method t o h i g h e r dimensions involves r e p l a c i n g t h e simple b a s i s f u n c t i o n s of t h e one dimensional system with chains (d-2) o r p l a i n s ( d = 3 ) of atoms g i v i n g two o r t h r e e dimensional systems, which a r e very long i n one d i r e c t i o n . The s c a l a r q u a n t i t i e s appearing i n t h e r e c u r s i v e r e l a t i o n s f o r d = l then become matrices and a l l p h y s i c a l p r o p e r t i e s depend on t h e t h i c k n e s s M of t h e system. For example, I < l I~( i ) / i > l~ i n eq. ( 4 ) becomes T r < l I G ( i ) l i > * < i ! G ( i ) l l > involving a sum over a l l combinations of two s i t e s a t opposite ends o f t h e system.
Results. -I n t h e r e s u l t s presented i n t h e following we used t h e r e c t a n g u l a r d i st r i b u t i o n f o r t h e s i t e diagonal elements o f H , i . e .
The accuracy of our d a t a i s Ah = 0.01 X f o r t h e l o c a l i s a t i o n l e n g t h , and Ao = 0.10 f o r t h e conductivity. 
where A(-) i s t h e l o c a l i s a t i o n l e n g t h f o r M*.
They do not f u l f i l t h e r e l a t i o n s h i p found by Pichard and Sarma El91 although t h e i r method of c a l c u l a t i o n is s i m i l a r t o o u r s . W e have seen no evidence of a "phase t r a n s i t i o n " . For W=5V and W=6V, X (M) starts l i n e a r i n M, a s observed i n r e f 1191 b u t becomes s u b l i n e a r f o r l a r g e r M. W e conclude t h a t t h e l i n e a r range is n o t i n d i c a t i v e o f t h e M* l i m i t .
For t h i s r e a s o n , and because we were unable t o f i t a c r i t i c a l form f o r h(m, W) unambiguously t o eq. ( 6 ) we attempted t o c a l c u l a t e X(m,W) without assuming c r i t i c a l behaviour. Since we e x p e c t f { X I i n eq. ( 6 ) t o r i s e monotonically and f { X I = x f o r s m a l l x {M>>X(m)} we i n v e r t e q . ( 6 ) and w r i t e were g t o } = g' { o } = o. Expanding g {x} i n some s e t o f f u n c t i o n s l e a d s t o a system o f l i n e a r e q u a t i o n s f o r X(m, W) and f o r t h e expansion c o e f f i c i e n t s . The r e s u l t i n g s c a l i n g f u n c t i o n f {x} i s shown i n f i g . 1. X(m, W) is shown i n t h e i n s e r t . Although A(m, W) grows r a p i d l y n e a r W=5V t h i s may n o t y e t b e considered evidence f o r c r i t i c a l behaviour. I t does suggest however t h a t , f o r W<5V, M must b e very l a r g e b e f o r e X(M) converges. ( 8 ) was found. Fig. 2 
-I n t h e case of t h e d c c o n d u c t i v i t y it i s necessary t o s t u d y t h e dependence on t h e t h r e e parameters M , W, and t h e imaginary p a r t o f t h e energy, y. The l a t t e r has proved t o b e e x t r a o r d i n a r i l y important f o r d-1, where a s c a l i n g law
w 2 0 = h {Y v/w2}
shows some d a t a f o r M=8, assuming t h e above s c a l i n g p r o p e r t y , t o g e t h e r w i t h t h e s c a l i n g f u n c t i o n h {x} of d = l . The d a t a do n o t obey r e l a t i o n ( 8 ) .
For l a r g e y v/w2 t h e c o n d u c t i v i t y i s reduced compared with M -1 , whereas f o r s m a l l yv/w2 it i s i n c r e a s e d . This i n c r e a s e i s c l e a r l y a consequence o f t h e l a r g e r l o c a l is a t i o n l e n g t h . The d e c r e a s e i n t h e "Drude" p a r t o f t h e curve on t h e o t h e r hand i s due t o t h e f a c t t h a t t h e important l e n g t h i s now t h e p r o j e c t i o n o f t h e " i n e l a s t i c mean f r e e path" ( l / y ) o n t o t h e a x i s .
-3
The c o n d u c t i v i t y i s only weakly dependent on M f o r W<6V and y>10 V. Therefore it i s d i f f i c u l t t o draw any r e l i a b l e conclusion about t h e M a l i m i t i n t h i s regime.
Conclusion. -W e have developed a method o f computing t h e l o c a l i s a t i o n l e n g t h and c o n d u c t i v i t y of very l o n g t h i n systems and have a p p l i e d it t o t h e c a l c u l a t i o n o f JOURNAL DE PHYSIQUE
s t r i p s o f v a r y i n g t h i c k n e s s i n o r d e r t o s t u d y t h e t r a n s i t i o n t o 2 d i m e n s i o n s . We have s e e n no e v i d e n c e o f c r i t i c a l b e h a v i o u r i n two d i m e n s i o n a l s y s t e m s . The l o c a l is a t i o n l e n g t h s which we have c a l c u l a t e d f o r W = 5V and W = 6V a r e however compara b l e w i t h t h e t h i c k n e s s o f o u r s y s t e m s a n d w i t h t h e s i z e o f s y s t e m s c o n s i d e r e d i n most s i m u l a t i o n s up t o now. Thus, j u s t as i n one d i m e n s i o n , we a r e f o r c e d t o conc l u d e t h a t t h e "Anderson t r a n s i t i o n s " s e e n i n p r e v i o u s n u m e r i c a l work a r e due t o t h e l o c a l i s a t i o n l e n g t h becoming comparable w i t h t h e s y s t e m s i z e .
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